We tested the hypothesis that the patients' feeling of cold sensation down the back during epidural drug administration through the epidural catheter was a reliable predictor of correct epidural catheter placement. In a prospective study of 80 patients, an epidural catheter was placed in the lumbar epidural space. During epidural drug injection, patients were asked to report feeling of the cold sensation in their back by pressing a bell. After 15 minutes, the patients were assessed for cold sensation in the thoracic to sacral dermatomes bilaterally and the dermatomal block recorded. Of 80 patients, three had inadvertent dural puncture. Seventy-two of 77 patients reported feeling cold sensation in their back during local anaesthetic injection, and all had successful epidural blockade. Of the five patients who did not report any cold sensation, three had failed epidural block and two successful epidural block. There were no false positive results. Of three patients who had inadvertent dural puncture and had normal saline 5 ml injected through the Tuohy needle, none reported cold sensation. The perception of cold sensation in the back during epidural administration of a test dose and/or subsequent full dose of local anaesthetic is useful in predicting successful epidural catheter placement.
Despite advances in technologies and methodologies, diagnosing whether an epidural catheter is indeed in the epidural space still remains a challenge for many anaesthetists. unrecognised incorrect placement of epidural catheter is reported to occur in 10 to 15% of patients 1 . Radiological imaging with contrast dye injection can identify exact placement of an epidural catheter [2] [3] . however, its limitations include cumbersome technology, delay in knowing the result, cost, radiation hazards and lack of previous experience in interpretation of the findings. Clinically, a 'test dose' of local anaesthetic with adrenaline can be used to detect intravascular or subarachnoid misplacement 4 . This method however, has a variable rate of success in predicting whether the catheter tip lies within the epidural space 5-7 . Other objective tests that can reliably predict its location in the epidural space are an electrical stimulation test, electrocardiography location and epidural pres-sure waveforms (EPWFs) [8] [9] [10] [11] [12] . however, they have not become popular because of some of their inherent problems, namely the need for sophisticated instruments and modules; that they are time-consuming; and that discrimination of the spinal level is somewhat difficult. To the best of our knowledge, no subjective clinical test to predict successful epidural catheter placement in the epidural space has been studied prospectively.
In clinical practice, we and others [13] [14] have observed that most patients indicate (on the first injection only) a sensation of 'cold' creeping along the back, near the epidural injection site, concurrent with the injection of local anaesthetic solution through the epidural catheter. We hypothesize that this appreciation of the spread of the local anaesthetic could be used to verify the correct placement of the epidural catheter. This study was carried out to assess its value in predicting the accurate placement of the epidural catheter.
METhODS AnD MATERIALS
In order to evaluate the hypothesis, a pilot study was first carried out in twenty-one patients in whom epidural catheters were placed. The trainees were advised to inject 5 ml of sterile saline, kept at operating theatre temperature, into the catheter of all patients, including those having failed epidural block.
All twenty-one patients were asked to report if they had any perception of cold sensation in their back, near the catheter insertion site. Of 21 patients in the pilot study, four failed to develop an epidural block, three because of inadvertent dural puncture and one because the catheter was misplaced intravascularly: all four patients had no cold sensation. Of 17 patients who had successful block, one patient, who did not perceive cold sensation, was later found to have successful epidural catheter placement. We then performed a prospective study.
Eighty consecutive adult patients (ASA physical status I or II), of both sexes and undergoing various abdominal procedures under epidural anaesthesia (alone or in combination with general anaesthesia), were studied prospectively. Our institutional ethical committee approved the protocol and written informed consent was obtained from all patients. Patients with impaired mental status, or with a contraindication to epidural anaesthesia, were excluded. Patients were not premedicated, nor were sedatives administered before epidural injection. both during the preoperative visit and before epidural catheter injection, the procedure was explained to the patient. Patients were tested for their mental ability to recognise cold sensation easily and effectively by running a cotton swab, soaked in absolute alcohol, from thoracic to sacral dermatomes bilaterally in a calm and quiet environment.
After positioning on the operation table, monitors were attached and an intravenous cannula was placed. An 18 gauge Tuohy needle was used to identify the epidural space, by midline approach, at L2-3, or L3-4 interspace, in the lateral decubitus position using loss of resistance to air technique. Approximately 5 cm of a closed tip multi orifice catheter (Portex, hythe, Kent, u.K.) was slowly advanced cephalad into the epidural space. Catheters were left hanging and were not fixed onto the back until study observations were completed. Patients were provided with a button bell and advised to press the button when they started feeling a cold sensation in their back. We asked the theatre personnel not to make any noise or distract the attention of the patient during epidural drug injection. The patients had been advised to close their eyes and to concentrate on their back once injection was started. Lignocaine 2% with adrenaline 1:200,000 5 ml was injected into the epidural space via the catheter while the patient remained in the lateral position. between the true injections, we randomly mimicked fluid injection three to four times during the study period, looking for patient response of cold sensation, to rule out any false responses and minimize bias in the study result. The patient's observations were recorded when the sound of the bell was heard. Changes in heart rate (assessed by electrocardiogram) and non-invasive blood pressure were measured at one minute intervals for five minutes, to exclude intravascular misplacement. Signs of motor blockade were observed every one minute until five minutes, to detect subarachnoid placement of the epidural catheter tip. After five minutes, if catheter tip misplacement had been excluded, a mixture of 10 ml bupivacaine 0.25% and 5 ml lignocaine 2% was administered. Patients were again asked to press the button bell if they noticed a cold sensation in the back and to keep pressing until such sensation disappeared. The total duration of such a sensation and the volume of injectate to the time of disappearance of the sensation were recorded. The duration of cold sensation creeping either upward (cephalad) or downward (caudad) during injection was noted. The catheter was then taped on to the back with the filter over the shoulder. Patients were placed supine and 15 minutes after the injection, their ability to detect cold was assessed using an alcohol swab, testing from the thoracic to sacral dermatomes bilaterally. Other sensory modalities were not examined.
Statistical analysis was performed by using Epi Info software package (Epi-6) (CDC, Atlanta, u.S.A.). Data are presented as mean±SD (range).
RESuLTS
All patients recognised cold sensation easily before commencing the study. The mean age and weight of patients was 42.2±8.6 (range 21-54) y and 58.4±12.3 (range 42-74) kg respectively. The male female ratio was 46:34. none of the patients had a 'false' response during the period of drug administration (i.e. none reported feeling of cold sensation when no drug was being injected).
Of 80 patients, three suffered an accidental dural puncture and 5 ml of normal saline was injected through the Touhy needle. none of these patients felt cold sensation in their back. There was no case of inadvertent intravascular or intrathecal catheter placement and all patients remained haemodynamically stable after injection of the initial and subsequent local anaesthetic dose.
Among the remaining 77 patients, five did not report feeling any sensation, either during the injection of the initial dose or the subsequent full dose. Failed blockade was observed in two of the five while in one, it was a 'patchy block'. The remaining two patients had successful epidural block. Two patients did not feel cold sensation during the initial the catheter may occur because of occlusion of the catheter by clotted blood, proteinaceous material or neural tissue or because of the collapse of the soft epidural catheter or vein during aspiration 12 . The test described by Tsui et al [8] [9] [17] [18] , namely applying an electrical stimulus to the tip of the epidural catheter, provides immediate information about the position of the catheter: however, as spinal nerve root stimulation causes muscle twitching and muscle movement in the corresponding myotome, the precise level of muscle stimulation is sometimes difficult to detect. Another technique has used electrocardiographic guidance 11 . Although attractive, discrimination of the spinal levels is somewhat difficult and QRS changes in the electrocardiogram are subtle and difficult to appreciate once the epidural catheter tip lay above the level of the heart. hence, this technique has limitations in high thoracic or cervical epidurals, and the authors recommended postoperative radiographic confirmation of the catheter position. Ghia et al 10 described the use of epidural pressure wave forms, obtained by transducing the epidural catheter and compared their findings with a computed tomography cathetergram. however, this test can only be used in a select group of patients, requires sophisticated instruments and modules, is time-consuming and more importantly, has not been validated in a larger study. Radiographic confirmation is valuable but its application to the operative environment is questionable. Our method is easy, cost-free and accurate, requiring no extra instruments or modules.
The spread of the solution into the epidural space was appreciated by most of the patients who were later found to have successful epidural block. There were no false positive results, and the rule of three states that if zero of 'n' patients show the event about which we are concerned, we can have 95% confidence that the chance of the event is at most three in 'n' (i.e. 3/n) 19 . From our results, we can be 95% confident that the test will not show a positive result in the absence of epidural block more often than 3/77 (3.8%). Three patients, who had inadvertent dural puncture, did not report cold sensation when normal saline was injected deliberately. During the pilot study, one patient did not perceive cold sensation during test dose drug administration into an intravascular catheter. We are not able to draw a firm conclusions about whether cold sensation is likely to be felt when a catheter is misplaced into an epidural vessel or the subarachnoid space, as these events were not observed in the study population. A study in which a second catheter is placed deliberately in the paravertebral tissues and injection of saline is performed through both 
DISCuSSIOn
We have tested the validity of a subjective method to predict successful epidural catheter placement. Despite the limitations of using a subjective method, in our series of 77 patients in which the epidural space was located successfully, five patients (6.4%) did not perceive cold sensation. Of these five, only two (2.5%) failed to perceive cold sensation despite subsequently having a successful block. There were no false positive results.
Different methods to confirm successful epidural catheter placement have been described 2, 4, [8] [9] [10] [11] [12] [13] and all are objective. McAtamney et al 14 and Corry et al 15 observed that patients feel cold sensation during administration of local anaesthetic solution; however they did not examine its usefulness in predicting successful catheter placement 16 . We have confirmed their findings and tested their validity.
Anaesthetists have relied on epidural catheter aspiration and epidural test dosing to rule out subarachnoid or intravascular catheter placement. however, there are many reports of subarachnoid and intravascular injection following a negative aspiration test 4, [6] [7] . Failure to aspirate blood from catheters, in double-blind fashion, might resolve the issue. however, clinically we are more concerned about misplacement of the catheter into either a vessel or the subarachnoid space.
Of 77 patients, only two (2.5%) who did not report cold sensation were later found to have successful blockade. Explanations include the failure to appreciate a small change in the temperature in the back, poor communication, or poor understanding of our study methods. Poor patient comprehension is a limitation of any subjective test. Two patients did not feel cold sensation during initial administration, yet did so during subsequent administration. In contrast, three patients could not appreciate cold sensation during subsequent drug administration, having perceived such sensation during initial administration. This might be because of early adaptation to temperature change, once drug at room temperature entered the epidural space, or an effect of local anaesthetic in the epidural space. We found cold sensation was perceived for only a few seconds with injection of a small volume of the drug. however, we do not suggest administration of a larger initial dose, given its other clinical implications. no patient who felt cold sensation had failed block (no false positives), and high sensitivity or positive predictive value are highly desirable in a diagnostic test, especially when the false negative rate is also very low.
Surprisingly, of 72 patients who felt cold sensation in their back, 13 patients (18.0%) reported the sensation travelling caudad, despite the catheter being directed cephalad. It is possible gravity played a role in determining the direction of flow of injectate in the epidural space, due to the anatomical curvature of the spine in the lateral position. Alternatively, the catheter tip may have turned caudad after going cephalad for few centimetres, as is well described in radiological studies, in which a caudal direction was followed in 9% of cases 20, 21 .
In all patients who had successful epidural block, the desired level of block was achieved. It is noteworthy that the catheter was not fixed to the back before drug was injected, ruling out the possibility that cold sensation was felt as solution passed through the catheter in contact with the skin surface.
In the clinical setting, a negative 'cold sensation' test may suggest that the catheter should be reinserted. however, our recommendation is that in such a scenario, other methods should be used to confirm correct catheter placement first, before taking the decision to reinsert. Our 'cold sensation' test probably has limitations in heavily sedated, uncooperative, and certainly in unconscious or anaes-thetized patients: however, in awake, co-operative patients, it appears useful in predicting successful epidural catheter placement. Another advantage is that likely success or failure can be predicted at the time of initial local anaesthetic administration. Further evaluation would be interesting to see whether this test is of use during other nerve blocks.
We conclude that perception of cold sensation in the back by the patient during epidural injection of local anaesthetic through an epidural catheter is useful in predicting successful epidural catheter placement and appears applicable routinely in awake, cooperative patients. It may also prove a useful teaching tool in a clinical setting.
